Certification in the LEED rating system for green buildings traditionally has focused on strategies for increasing energy efficiency and lowering indoor air pollutant emissions by selecting appropriate and natural or recyclable materials. However, designing an energy efficient workplace and low pollution workplace doesn't necessarily equate with creating a healthy and productive workplace. In November 2008 the USGBC introduced 1 credit for good ergonomic design and programs in the Innovation sections of the rating system. This paper outlines the requirements of this ergonomics credit and it presents a case study of a building that has received LEED credit for their successful ergonomics program.
INTRODUCTION
This paper considers some aspects of the role that ergonomics can play in improving the quality of the sustainable built environment for occupants. The paper does not consider other possibilities for ergonomics in sustainable design and development, such as its role in designing energy efficient and sustainable products, its role in promoting waste recycling activities, and the role that community ergonomics may play in facilitating desirable environment-friendly behaviors in sustainable communities, although all of these are embraced by the broader concept of "green" ergonomics. Instead, the focus of this paper is on the impact of the built environment on human comfort, health and performance. This has been a focus of considerable human factors and ergonomics research over the past century and much of this work has focused on the survival of human beings in extreme environments (e.g. deserts, arctic/Antarctic, space etc.), but there has also been a steady trickle of research that has investigated how the indoor environment of everyday workplaces can impact employees and their productivity. The importance of the environment has become the central focus because of concerns about issues such as global warming. In recent years we have witnessed and extraordinary push to the development of "green" and sustainable designs. In recognition of this the IEA established a Technical Committee "Human Factors and Sustainable Development" in 2010.
The National Human Activity Pattern Survey (NHAPS) of 9,386 US citizens found that over 87% of their time was spend inside buildings and 6% inside vehicles (Klepeis et al., 2001) . Similar human activity patterns are found in other countries where on average people spend over 90% of their day indoors (Schweitzer et al., 2007) . Figure 1 shows the distribution of these human activity patterns by location. Thus, we now spend the vast majority of our lives inside buildings which need to be heated, cooled, ventilated and artificially lit, all of which requires energy. In the U.S.A. in 2000 urban, commercial buildings and their appliances used 36% of the nation's energy, and were responsible for 36% of worldwide CO 2 emissions from indoor human activities (Anon, 2000) . This trend is accelerating and today US buildings are responsible for 39% of CO 2 emissions and 40% of energy consumption, (USGBC, 2010) . Figure 1 . Distribution of daily activity patterns by location in 8 countries (after Klepeis et al., 2001; Schweitzer et al., 2007) .
On May 23, 2007 , the world population became more urban than rural and in 2010 over 51% of the world will be living in urban environments (Hanlon, 2007) . To date ergonomists have paid scant attention to the design of most indoor environments, possibly because of the illusion that such places are much safer than factories, mines or the outdoor environment, and yet many ergonomic injuries occur within the confines of such buildings, whether these have been deemed green or not. A healthy environment has to be both green and ergonomic.
This paper describes one way that ergonomics is now poised to play a key role in the future sustainable Outdoors/vehicles designs of indoor environments, and also how this will provide opportunities that will help to reposition ergonomics in the USA mainly as a proactive rather than a primarily reactive profession. 
Ergonomics and Energy
Clothing, seating and activity play major roles in thermal comfort requirements and clothing and activity policies can have major effects on energy utilization. In response to the energy crisis of the 1970s, in 1979 the US Emergency Building Temperature Restriction plan called for thermostats in nonresidential buildings to be set at a maximum of 18°C (65°F) for heating and at least 25.6°C (78°F) for cooling, and changes in clothing norms to either don or doff clothing in these buildings was an economical way to expand the personal comfort zone (Rohles and McCullough, 1981) . The design of chairs has a major effect on their insulation values, and a plush executive chair can raise the thermal insulation of the body by 0.3clo, which is approximately the difference between winter and summer clothes (McCullough et al., 1994) .
In 2005 Japan launched its "Cool Biz" initiative in which thermostats were set at 28°C (82.4°F) in government offices from 21st of June and the 23rd of September. To compensate for the elevated indoor temperature a casual dress code was allowed, including no suit, no tie, open-neck shirt/blouse, short sleeves etc. In the first year this policy is estimated to have saved 460,000 tons of CO 2 emissions. By 2006 a larger number of corporations had also joined this initiative; the program saved an estimated 1.14 million-ton reduction in CO 2 emission, which is equivalent to the CO 2 emissions by about 2.5 million households for one month. This energy conserving program has since been adopted by Korea and is being considered by the U.K. However, recent studies of the Japanese "COOL BIZ" initiative, have shown that 70% of workers report some thermal dissatisfaction and subjectively report reduced productivity (Uchida et al. 2009 ), suggesting that 28°C (82.4°F) may be slightly too warm, and related Japanese research has shown that an air temperature of 27.3°C (81.1°F) appears to be the best temperature for minimizing energy consumption without adversely affecting office productivity (Tawada et al. 2009 ). Hedge et al. (2010) have shown that computer productivity can improve in comfortably warm conditions compared to cold conditions indoors in an office.
Ergonomics and Sustainability
The USGBC "LEED" rating system certifies building projects according to the number of points achieved, and these give an indication of how green a building is. There are 4 categories of certification:
The application for certification is submitted at the design phase of a project. Attaining the highest possible level of certification has important psychological and economic consequences. The economic impact of LEED accredited green buildings has been substantial. Occupancy rates are higher and more stable in LEED accredited green buildings and the rents are ~6% higher in nearby comparable office buildings (Preston, 2008) . Occupants in workplaces in LEED certified buildings report greater satisfaction with office furnishings, IAQ, office cleanliness and maintenance than those in non-LEED certified buildings (Lee and Kim, 2008) . However, those in LEED certified buildings also were less satisfied with office layout, lighting, and acoustic quality (ibid). Lee and Guerin (2009) found significantly correlations between the quality of office furnishings and occupant's satisfaction and job performance, and also between perceived IAQ and job performance in personal workspaces.
The USGBC wants green buildings to be environmentally sensitive and energy efficient, but also be successful workplaces, because if a better environment can foster better comfort health and productivity then this economic benefit will be an incentive for companies to favor green designs. In the past, however, the USGBC has recognized that sometimes buildings meet the requirements for sustainable materials and for energy efficiency but the resulting workplaces are not optimal. Consequently, since version 2.2 of the LEED rating scale, they have included 1 point that can be earned for good ergonomic design and a good ergonomics program. The focus of this point is on commercial office buildings and consequently the point is awarded for good office ergonomics designs and programs. Earning this point requires demonstrating the development and implementation of "a comprehensive ergonomics strategy that will have a positive impact on human health and comfort when performing daily activity for at least 75% of Full Time Equivalent building users." (USGBC, 2008). The general requirements are shown in Figure 1 and Hedge (2008) has provided a more complete description of these. More specifically, each of these 4 steps requires the following be demonstrated: 1. That the design has identified activities and building functions for which ergonomic enhancement (i.e., ergonomic strategies which exceed standard industry practice) are both possible and desirable through education and equipment. Where possible, building users should be consulted on their preferences. 2. That a set of performance goals and expectations for the ergonomics strategy has been defined. These should address productivity, comfort, and health. A plan and design process to meet these goals and expectations should be developed. Procedures to track and report the results of the ergonomics strategy ensure that the performance goals have been met, and identify areas of potential improvement should be provided. 3. Provide machines, equipment, tools, work-aids (METWA's), furnishings, and accessories that reduce the risk of work-related musculoskeletal disorders and are acceptable to a wide range of building users. 4. Provide ergonomics education to building users that includes at least two opportunities for building users to understand and take advantage of ergonomic features in their environment. At least one of these opportunities must be interactive, and at least one must include an explanation of the provided METWA's and furnishings, preferably by the manufacturer(s). Evaluations of the educational provisions must be conducted after completion of any training.
The following case study illustrates how these requirements were met to obtain the LEED point and BD Bioscience's facility attained a Silver Certification.
Case Study -BD Biosciences, San Jose CA Dr. Jennifer Robinson heads the successful ergonomics program at BD Biosciences. Their underlying philosophy is that products alone are not the answer to minimizing the risk of ergonomic injuries. Employees must be educated on proper workspace set-up and proper use of the items they use every day (be it a keyboard and mouse or a screw driver and hammer). When a new building was planned her team was able to create a program to apply for LEED credit for ergonomics. Their goal was to decrease the ergonomic risk to some 200 employees who were moving into this new location over the span of a two month period, and do so as efficiently as possible. They worked closely with the project team to secure funding and resources for keyboard trays and any other ergonomic needs that employees had. After reviewing several options, they chose to standardize on one manufacturer because of the ease of use of their products and their focus on environmental conservation. Simultaneously, they conducted pre-ergonomic surveys on everyone slated to move. This allowed them to determine what ergonomic solutions each employee needed. They also coordinated all solutions with the project team and the installers to make sure the correct solutions were installed in the correct locations. Examples of the resulting workstations are shown in Figure 2 .
They developed a Standard Operating Procedure that required that all employees moving to the new location received an ergonomic evaluation. Realizing that they would not be able to quickly perform an individual ergonomic evaluation on every individual who moved, they set up several educational resources for employees to help in the interim. First, all employees received a move packet that contained various pieces of information about the new building. They were able to include some information about ergonomic set up as well as some sample stretch exercises that could be done at their desks. Everyone was also told that an ergonomist would stop by to see them, but that they should contact the ergonomics team directly if they needed immediate assistance. The ergonomics team worked closely with the project team, the installers, and the facilities group to make sure that all workstation furniture was appropriate and adjusted as needed. After the move, the ergonomic team worked with supply company representatives on-site to show employees how to use the various ergonomic products. Conference rooms were set up for people to bring their chairs and receive chair education, and an ergonomist toured around the building to see if anyone needed assistance with their ergonomic equipment. While these were not complete ergonomic evaluations, they helped to identify and resolve issues that may have become larger problems had employees had to wait for their evaluation. Figure 2 . Examples of the ergonomic chair, keyboard tray and accessories provided to employees in the new facility.
After this stage they began the process of completing ergonomic evaluations. Two Certified Ergonomic Assessment Specialists (Back School of Atlanta) were on-site, and they completed most of the evaluations. As they neared the end, they did add two more ergonomic consultants to assist with the large move.
The Standard Operating Procedure also stated that an ergonomic evaluation will be conducted on all new hires; anyone who moves; anyone who simply requests one and anyone who is experiencing any pain or discomfort.
At their corporate site they also have a standardized list of approved products that are recommended to employees following an evaluation. The philosophy is that products alone will not solve all the problems, nor should an employee just be given a product and left to figure out how to use it. Over the past year, they have worked to educate administrative assistants not to order ergonomic products without consulting the ergonomic team first. Behavior modification is a large component of their ergonomic evaluation process.
In addition to conducting ergonomic evaluations, the team also provides on-going ergonomic education to the employees. This starts shortly after employees are hired at the required Site Safety Orientation. General ergonomic considerations are discussed during this meeting. They also encourage managers and supervisors to invite members of the ergonomics team to their regular meetings so that they can tailor the ergonomic message to the group. This allows the ergonomics team to also conduct more specific evaluations in the company manufacturing, laboratory, and shipping areas. Finally, all employees are required to complete an on-line ergonomic training course once a year. The goal is to keep ergonomics at the forefront of everyone's mind and encourage them to take charge of their own ergonomic health.
The last three important components of the BD Biosciences ergonomics program include rest-break software for computer users, the metrics that are kept, and the collaboration of the ergonomics team with other BD sites. The team worked to get rest-break software installed on everyone's computer. This software encourages 10-second breaks every 15 min and longer (1-3 minutes) stretch breaks every hour or two.
Currently the team tracks all of the ergonomic evaluations that are assigned and categorizes them based on the reason for the assignment -new hire, move, request, or symptoms -as well as their department. In addition, the team tracks how many evaluations are started and closed each month.
(Evaluations are not closed until the employee has stated that they are comfortable and are no longer in need of ergonomic assistance at that time.) The ergonomics team is working towards keeping more detailed metrics on the symptomatic requests that are received so that they can better determine how many of those experiencing discomfort were prevented from turning into first aids or OSHA recordable injuries. From a collaboration perspective, the ergonomics team has begun working more closely with other BD Sites to align all ergonomics processes and products. Here the goal is to share resources and best practices.
The primary goal of the BD Biosciences ergonomics program is to keep employees safe and healthy. The ergonomics team works to achieve this goal through a variety of means, as mentioned above. The role that ergonomics played in the large scale move further emphasizes the scope of the program, and how the ergonomics team is ready and willing to work with any group or department in need of our assistance. BD Biosciences received the LEED credit point for their ergonomics program in their new facility.
CONCLUSIONS
All too often in the USA ergonomics is viewed as a reactive discipline that remedies problems resulting from the poor design choices of others. This "firefighting" approach invariably meets with limited success because of the paucity of professional ergonomists relative to the demand. Many ergonomists favor a proactive approach to the discipline, but to date it has been difficult to persuade companies of the virtue of this because of the lack of real economic incentives (i.e. telling a company that spending money on better designs for everyone may help to save them money on future injuries is a less compelling economic argument than modifying the workplace of someone who has been injured to prevent a recurrence of this. However, the fact that a LEED point now can be earned for good ergonomics at the design stage of a project means that the ergonomic products, the ergonomics training and an ergonomics process all must be in place prior to the space ever being occupied. Organizations wishing to earn that LEED point must think proactively about ergonomics, and this in turn will benefit the ultimate occupants of the workplace and it should result in higher levels of satisfaction, fewer cases of injury and greater productivity. The ergonomic design benefits translate directly into economic incentives which, when coupled with the realty incentives for building green, provide a compelling case for proactive rather than just reactive ergonomics.
